A random survey of a microsporidian genome has revealed some striking features. Although the genomes of microsporidians are among the smallest known for eukaryotes, their organisation appears to be well conserved.
From Genes to Genomes Molecular evolution studies in the past have been largely dominated by analyses of individual gene sequences, but the number of full genome sequencing projects and genome survey studies of diverse lineages of the tree of life is increasing at an astonishing rate. Such data allow us to study evolution at a different level, providing insights into the evolution and functional organisation of genomes. Comparative genome analysis is still a relatively new field with vertebrate genomes attracting the most attention [4] [5] [6] . The total number of chromosome rearrangements between human and mouse, for example, has been estimated to be 172 [5] or even higher [6] . One would expect that the genomes of closely related organisms should display a high degree of synteny, as their genomes have not had as much time to accumulate rearrangements when compared to more distantly related organisms [7] .
The data presented by Slamovits et al. [3] may not fit these predictions. The two microsporidians they compared diverged early from each other in their phylogenetic tree. The average protein distance between the two microsporidians, given as the proportion of differences in amino-acid sequence, is 0.5, roughly double the distance between the two fungi Candida albicans and Saccharomyces cerevisiae (0.29). Yet the genomes of the two microsporidians are more similar in their arrangement than the two fungal ones [3] . Such a high sequence distance either reflects the phylogenetic divergence between two organisms or could simply be caused by higher rates of sequence evolution.
Are Sequence and Genome Evolution Linked?
The two malaria parasites Plasmodium falciparum and P. yoelii (phylum Apicomplexa) have a higher sequence similarity to each other than Candida and Saccharomyces, and also show a high degree of synteny [8] . However, Plasmodium and another apicomplexan parasite, Cryptosporidium, which only have a slightly lower sequence divergence than the two microsporidians show no synteny [9] . Ghedin et al. [10] analysed the genomes of three trypanosomatids and detected a high degree of synteny over large chromosomal fragments (>100 kb) for all three species. Like the two microsporidia, the three trypanosomatids show a rather high level of sequence divergence -the protein distance between Leishmania and Trypanosoma is 0.55-0.6; between Trypanosoma cruzi and T. brucei it is <0.45 -and a high degree of synteny.
Within vertebrates and insects, a high degree of gene order conservation has been reported [6, 11, 12] . The plant genomes sequenced so far lack any apparent conservation in gene order, although they display some degree of local small-scale conservation (microsynteny), despite their relatively recent evolutionary origins [13, 14] . These examples show that sequence and genome diversity evolve as independent processes, and that the evolutionary rates of sequences do not reflect the evolutionary rate of the genomes in which they are embedded.
of Hox genes that show remarkable conservation of gene order across animal phyla and are exquisitely coordinated in their expression during development [15] . In trypanosomatids, genes are transcribed as large polycistronic precursor mRNAs before being cleaved into monocistronic messengers and it is suggested that both the direction of replication and transcription are coordinated [10] . Rearrangements could disrupt these directional processes and thus may be selected against [10] .
To study further what other factors might influence gene order, Pal and Hurst [16] Prokaryote genomes are smaller than eukaryote genomes and Huynen et al. [17] compared rearrangement rates between the genomes of Candida and Saccharomyces with those between two prokaryotes, Haemophilus influenzae and Escherichia coli. They show that the overall rate of rearrangements is lower in the prokaryotes; however, this can be explained by the operon structure of prokaryote genomes. With only 3.2 Mb, the E. cuniculi genome is even smaller than many prokaryote genomes [2] , which may explain why its gene order is so conserved; however data from the entire genome of A. locustae are not available (although its genome size has been estimated to be 5.4 Mb [18] ).
It will be interesting to see if other microsporidians have a similarly high degree of genome compaction and synteny as that observed between E. cuniculi and A. locustae. At the moment, everything points to Microsporidia having rapidly changing gene sequences within a slow evolving genome. Perhaps this should not be too surprising -after all, the mutational mechanisms and the selective forces acting on gene sequences are very different from those affecting genome organisation. As more eukaryotic genomes become available, commonalities and differences in the process of genome evolution across the tree of life should become much clearer. It has already become clear that the metaphor of a constant evolutionary molecular clock applies neither to genomes nor the genes they encode.
